+ ions. The inorganic layers are composed of alternating ZnO 4 and PO 4 (PO 3 OH) tetrahedra that form 8-membered ring apertures. The intercalated species strongly interact with the zinc phosphate layers through hydrogen bonds, which is a key factor in stabilizing the structure. Crystal data: monoclinic, P2 1 /a, a = 8.3457 ( 
INTRODUCTION
In the last decade, many open-framework zinc phosphates have been synthesized. Among them there are the 3D architectures [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] but also the low-dimensional ones, 2D layers [15] [16] [17] [18] [19] [20] [21] as well as 1D chains [22, 23] . Recently, even 0D four-membered ring monomers have been reported [24, 25] . Structural diversity of the zinc phosphates has still been expanded by the possibility of the low-dimensional structures to transform to complex ones under ordinary reaction conditions [25, 26] .
Recently, it has been found that some of organic ions can be used as a building block to construct novel hybrid inorganic-organic open frameworks. Thus, open-framework zinc oxalate-phosphates have also been reported [27] [28] [29] . In the reported structures, oxalate ions possess a bridging role holding together the zinc phosphate layers. It seems likely that the introduction of such building blocks gives rise to the possibility of tuning the space between the layers (i.e., pore dimensions) by a selection of the appropriate organic species.
This gives us an idea to investigate other dicarboxylate ligands as possible pillars in the construction of novel zinc phosphate structures. Thus, malonate complexes show an enhanced structural diversity owing to the versatility of this ligand, which can adopt different coordination modes [30] . Also, it has recently been found that malonate ions have the ability to be structurally involved in a 3D lattice formation [31] . Here, we report the structure of a zinc phosphate (ZPAM) obtained using malonic acid (H 2 mal) and 1,2-diaminopropane (DAP). 
RESULTS AND DISCUSSION
SEM analysis revealed a needle-like morphology of the as-synthesized ZPAM as illustrated in Fig. 1 . Thermal analysis shows an overall weight loss of about 17 wt % (Fig. 2) , which is in agreement with the C,H,N analysis. The first loss of about 1 % is accompanied by a broad maximum in the dtg curve centered at 120 °C, corresponding to the physically adsorbed water molecules. The second (major) weight loss (~15 %) proceeds in several steps (with the maxima in the dtg curve at 355, 385, and 467°C), corresponding to decomposition of intercalated species (calc. 15.5 %). Elemental analysis performed by the inductively coupled plasma emission spectroscopy gave an overall chemical formula of ZPAM as follows:
[ Single-crystal X-ray structure analysis showed that ZPAM crystallizes in a monoclinic space group P2 1 /a with lattice parameters, a = 8.3457 (1) (Fig. 3) . Between these layers lay interspersed NH 4 + ions, H 2 DAP 2+ ions, and malonic acid molecules; the former two cations also serve to compensate for negatively charged layers. The packing of zinc phosphate layers and intercalated organic species is shown in Fig. 4 .
There are three crystallographically distinct zinc sites and three phosphorous sites in the asymmetric unit (Fig. 4) . All Zn atoms are tetrahedrally coordinated and share four oxygen atoms with the adjacent P atoms. The Zn-O bond lengths are in the range from 1.907(4) to 2.006(4) Å (Table 3 ) and the O-Zn-O bond angles from 98.4(2)°to 123.4(2)°. The P-O bond lengths in PO 4 and PO 3 (OH) tetrahedra range from 1.511(4) to 1.582(5) Å, as shown in Table 3 , and are comparable with values in similar structures [34] . The longest P-O bond of 1.584 (4) The parallel inorganic layers are held together by being H-bonded to the intercalated species and adjacent layers. The three types of intercalated species (H 2 DAP 2+ ions, H 2 mal, and NH 4 + ions) are present with partial occupancies at similar positions in the structure. The partial occupancies were determined after the examination of bond and contact distances, which exclude simultaneous presence of some molecules. The NH 4 + ion and one position of H 2 DAP 2+ ion are mutually present; in contrast, H 2 mal and the other position of H 2 DAP 2+ ion can each be present only alone at a given site. Additionally, the position of NH 4 + cation can only be up to 50 % occupied [the distance between N3 and symmetry-related N3 site is only 1.88(3) Å]. The refined structure with two positions of H 2 DAP 2+ ion (50 and 25 % occupied), one position of malonic acid (25 % occupied), and one position of amine cation (50 % occupied), was in agreement with elemental analysis (Fig. 5) . The carbon-oxygen and carbon-nitrogen bond lengths are in general in agreement with the data found in a related system (Table 3 ) [35] . The deviations of some bond lengths from expected values are due to the described disorder. The intercalated species are connected together and with inorganic layers through H bonds with bond distances ranging from 2.19(6) to 3.06(1) Å (Table 4) . The three short H-bond distances of 2.19(6), 2.24(6), and 2.29(8) Å are due to disorder of the H 2 mal and the large displacement parameters of the atoms involved in these bonds. Also, there are strong H bonds between the inorganic layers. The shortest H-bond length between O(9) and O(7) in adjacent inorganic layers is 2.576(6) Å. In general, H-bonding appears to be a key factor in stabilizing the ZPAM structure. 
DISCUSSION
The use of malonic acid in the synthesis of open-framework structures has led to the formation of a new 2D zinc phosphate structure. The malonate ion has not shown the propensity to participate in the lattice formation and did not act as a ligand to the Zn atoms; instead, the malonic acid molecules in ZPAM remain intercalated between the layers. This behavior is in contrast to that of oxalic acid, since the oxalate ion has proved to be quite a suitable building block in the formation of hybrid networks [27] [28] [29] 35] . This difference in behavior should be attributed to the structural differences between the two ions. Namely, the strict resonance-induced planarity of the free oxalate ion makes this anion in effect a rather rigid structural unit of fixed geometry, thus suitable to function as a building block of hybrid network systems. In contrast, the complete rotational freedom around two C-C axes in the malonate ion renders this anion a very flexible species that can be present in reaction systems in a variety of conformations. It is this lack of structural rigidity that seems to prevent the malonate ion from being an effective building block of network structures. In the same context, it is worth noticing that during the crystallization of ZPAM, the DAP species partially decomposed, yielding NH 4 + , so that in this system both the doubly protonated DAP and NH 4 + ions exert a structure-directing role. This behavior is similar to that observed in the aluminophosphate synthesis in the presence of DAP, but in the absence of oxalate ions [36] . However, if oxalic acid is used in the latter synthesis, no decomposition of DAP is observed, and a 3D structure arises in which the (Al,O)-and (P,O)-polyhedra are cross-linked with oxalate ions [35] . It is likely that this cross-linking takes place around the DAP species at an early stage of crystallization, so that DAP is trapped and stabilized within the framework and does not undergo a partial decomposition observed in the absence of oxalate ions. Since in the ZPAM synthesis the malonate ions do not cross-link with the (Zn,O)-and (P,O)-polyhedra, no such entrapment of the DAP species occurs and the latter does undergo a partial decomposition.
